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1
IIR DIGITAL FILTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an IIR digital filter
applied to color video signals.

2. Description of the Prior Art

An IIR digital filter is a filter having sharp character-
istics at lower order. The IIR digital filter has a feed-

back constitution as shown in FIG. 1. As clearly seen:

from FIG. 1, a present input signal is supplied from an
input terminal designated by numeral 1 to one input
terminal of an adder 2, and a past output signal stored in
a unit delay circuit 3 is multiplied by coefficient in a
multiplying circuit 4 and then supplied to another input
terminal of the adder 2, and the output of the adder 2 is
taken through the unit delay circuit 3 to an output ter-
minal §. |

For example, if a system function H(Z) is expressed
by

l + a1Z-! + @pZ—2 (1)

H =
(2) l — 5 Z™! 4+ hhZ—2

an IIR digital filter of second order corresponding to

this H(Z) 1s constituted as shown in FIG. 2.

In FIG. 2, input signal x; from an input terminal 10 is
supplied to an adder 11. The added output of the adder
11 is supplied to a unit delay circuit 12, and the output
of the unit delay circuit 12 is supplied to another unit
delay circuit 13. The output of the unit delay circuit 12
is multiplied by a mulitiplying circuit 14 of coefficient b
and supplied to the adder 11. The output of the unit
delay circuit 13 is multiplied by a multiplying circuit 15
of coefficient bz and supplied to the adder 11. The out-
put of the adder 11 is supplied to another adder 16, and
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the output of the unit delay circuit 12 and the output of 4,

the unit delay circuit 13 are multiplied by a multiplying
circuit 17 of coefficient a; and a multiplying circuit 18 of
coefficient a; respectively, and then both multiplying
outputs are supplied to the adder 16. The output of the
adder 16 1s supplied to an output terminal 19, and output
signal Y| 1s taken from the output terminal 19.

As shown in FIG. 2, the IIR digital filter has a feed-
back constitution including the multiplying circuits 14
and 15. This constitution corresponds to the polynomial
in the denominator of expression (1).

For example, when a color video signal is digitized by
a sampling pulse of 4f;. (f;.: color subcarrier frequency),
one sampling clock period is 70 n sec. If the color video
signal is processed using the IIR digital filter shown in
FIG. 2, the term biZ—!including Z—1in the denomina-
tor must be processed by a product/sum operation com-
posed of multiplication and addition in a short time of 70
n sec. Since this processing requires time particularly
for the multiplication, an operation element of low
speed and small power consumption, such as CMOS,
cannot be used, but that of high speed and large power
consumption, such as a bipolar element or ECL ele-
ment, can only be used.

SUMMARY OF THE INVENTION

Accordingly, an object of the invention is to provide
an IIR digital filter which can be applied to processing
of color video signals or the like and uses an operation
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2 _
element of low speed and small power consumption,
such as CMOS.

The invention is an IIR digital filter wherein the same
polynomial multiplies both the denominator and numer-

ator of the system function of the IIR digital filter, so
that at least the Z—! term is eliminated among terms in
the denominator of the system function and pipeline
processing is applied to the product/sum operation

composed of coefficient multiplication and addition in
the system function after transformation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i1s a block diagram illustrating a feedback
constitution required for an IIR digital filter;

F1G. 2 1s a block diagram of an IIR digital filter as an
example in the prior art;

FIG. 3 is a block diagram of an embodiment of the
invention; and

FIG. 4 is a block diagram of an example of a muitiply-
Ing circuit in pipeline processing that can be used in the

embodiment of FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An embodiment of the invention will now be de-
scribed referring to the accompanying drawings.

For example, the system function of second-order
section of the IIR digital filter as shown in the above
expression (1) 1s

| + a1 Z~! + aZ—2
1 — 51271 4 prZ—2

where the denominator includes a Z—1 term. Terms in
the denominator become the feedback constitution as
above described. Particularly, the term including Z -
in the denominator must be processed by multiplication
and addition in one clock period and therefore pipeline
processing cannot be executed. In order to eliminate the
Z—1term in the denominator of the system function as
shown 1n expression (1), the same polynomial

(1=02Z"3)+by1Z !

is multiplied to both the denominator and the numera-
tor.

(1 = bz-?) + bz

1 + a1Z- ! + apZ—2
B X e ——————————————
(1 — 5HZ-%) + hZz—!

H
(2) 1 — 512~  hZ—2

U+ @Z "+ »Z-H A + b Z-) — byZ-2
1 — (b — 512 Z—2 + B2 Zz—4

In the system function H(Z) shown in expression (2),
the term including Z—1is eliminated from the denomi-
nator. Consequently, the product/sum operation to be
executed in one clock period may be done during two
clock periods. This enables application of the pipeline

processing to the product/sum operation as shown in

FIG. 3.
FIG. 3 shows an IIR digital filter designed on the

basis of expression (2), and numeral 20 in FIG. 3 desig-
nates an input terminal. Color video signal x; digitized
by a sampling pulse of 4f;., for example, is supplied from
the input terminal 20 to an adder 21. The added output
of the adder 21 is supplied to a unit delay circuit 22, and
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3
output of the unit delay circuit 22 is supplied to an adder
23, and further the added output of the adder 23 1s sup-
plied to a unit delay circuit 24. The output of the unit

delay circuit 24 is supplied to a multiplying circuit 25 in

N pipeline processing and also to a multiplying circuit 26

in pipeline processing. The multiplying circuit 25 is one
- having coefficient (K1 =252+ b12), and pipeline process-

ing in one step is executed using a register for example.

The multiplying circuit 26 is one having coefficient

(K2=—5?), and pipeline processing in two steps exe-

cuted using a register for example. The .multiplied out-
put of the multiplying circuit 235 18 supplied to the adder
23, and the multiplied output of the multlplylng circuit

26 is supplied to the adder 21.
The adders 21, 23, the unit delay circuit 22, 24 and the

multiplying circuits 25, 26 together execute processing
corresponding to the polynomial

1 —(2by+b12)Z—24by2Z 4

~ shown in the denominator of expression (2)

The output of the unit delay circuit 24 is supphed to
a unit delay circuit 27 and an adder 28. The output of
the unit delay circuit 27 is supplied to a multiplying

 circuit 29 and also to a delay circuit 30 having delay

amount twice as large as the unit delay amount. The

4

The output of the adder 40 is taken as output signal
Y; from an output terminal 42.

A system function in any order of an IIR digital filter |
can be subjected to factorization into the product of a
system function of second order and a system function
of first order. Consequently, an IIR digital filter of any
order can be implemented by the cascade connection of

' ‘a number of IIR digital filters as shown in FIG. 3.
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multiplying circuit 29 is one having coefficient a;. The
“output of the multiplying circuit 29 is supplied to the
adder 28, and the added output of the adder 28 is sup- ,,

" plied to a unit delay circuit 31, and further the output of
~ the unit delay circuit 31 is supplied to an adder 32. The

output of the delay circuit 30 is supplied to a multiplier
circuit 33. The multiplying circuit 33 is one having
coefficient a;, and the multiplied output of the multiply-
ing circuit 33 is supplied to the adder 32. The added

output of the adder 32 is supplied to a unit delay circuit
34. |

- ing corresponding to the polynomial of second order
(14212~ 1+aZ2—9)

representmg the factor in the numerator of expression

(2).

~ FIG. 4 shows an example of multlplylng circuit 25 in
pipeline processing to be used in the embodiment of

FIG. 3. In the example, the coefficient, i.e. digital signal

Kjof multlplymg circuit 25 is input as four bits and the

signal K is multiplied to the output of delay circuit 24.
In the example of FIG. 4, output of the unit delay cir- -

cuit 24 is supplied to selectors 51a-51d and selected by
each bit signal of multiplier K; supplied to each selec-
tor. For example, when the multiplier K; is 1001, the

selectors S1a, 514 are turned on and a partial product
signal is taken at the output side thereof, and the output

of the selector 51a is shifted by one bit to the left and .

supplied to an adder 52. The output of the selector 514
is supplied to an adder 53. In a usual multiplying circuit,
the output of the adder 52 is shifted by two bits to the

left and added in an adder 56. Thereby a multiplied
25

output is obtained from outputs of the adders 52, 53. In
the example of FIG. 4, however, unit delay circuits 54,

55 are inserted at the output side of the adders §2, 53 and
plpellne processing is executed. Since the pipeline pro-
cessing is executed by inserting the unit delay circuits
54, 55, the select operation by the selectors 51a-51 4

and the adding operation by the adders 52, 53 are per- |
formed during one sample period. The adding operatlon |
by the adder 56 and the adder 23 to add the output of

~ the adder 56 and the output of the delay circuit 22 may

35

The adders 28, 32, the delay circuits 27, 30, 31, 34 and
the multiplying circuits 29, 33 together execute process- 40

45

The output of the unit delay circuit 34 is supplied to '

an adder 35 and a unit delay circuit 36. The output of
the unit delay circuit 36 is supplied to a delay circuit 37
 having a delay amount twice as large as the unit delay
amount and also to a multiplying circuit 38. The multi-

30

be performed during one sample period, thereby the
operation cycle time can be halved. Although an adder
of tree form is used for adding the partial products in

the example, another adding system may be used. Also

in the example, the multiplier K; is four bits and the
number of adding steps may be relatively small. How-
ever, it is clear that if the multiplier K is eight bits or

“more the number of adding steps increases and effect of

pipeline processing further increases. Although an ex-

| ample of a usual parallel multiplying circuit is disclosed

in FIG. 4, an encoder using Booth algonthm may be
used to form the partial products | |

In the multlplymg circuit 285, since pipeline process-
ing of one step is executed the delay circuit of one step
among the unit delay circuits 54, 55 will do, but the
pipeline processing of two steps is necessary in the mul-

- tiplying circuit 26. In this case, a unit delay circuit may

plying circuit 38 is one having coefficient by. The multi-

plied output of the multiplying circuit 38 is supplied to

the adder 35, and the added output of the adder 35 is
supplied to a unit delay circuit 39, and further the out-
put of the unit delay circuit 39 is supplied to an adder
40. The output of the delay circuit 37 is supplied to a

multiplying circuit 41. The multiplying circuit 41 is one

having coefficient —bj, and the output of the multiply-
ing circuit 41 is supplied to the adder 40.

The adders 35, 40, the delay circuits 36, 37, 39 and the
multiplying circuits 38, 41 together execute processing
corresponding to the polynomial of second order

(145121 —bZ—%)

representing the factor in the numerator of expression

(2).

be inserted between the adder 56 and the adder 23 in
FIG. 4. In this constitution, the oparatlon cycle tune

- can be made &.
55

Comparing the embodiment of the invention with the
IIR digital filter shown in FIG. 2, the fixed delay is

increased by five steps in the embodiment so that =

strictly speaking the system function becomes multipli-

cation of a Z—3 term to expression (2). However, both
-are equivalent in the essential characteristics and an

increase of fixed delay produces no partlcular problem -

~ in processing of color video signals.

65

In the embodiment of the invention, processmg cor-
responding to the denominator of the system functionis
first executed and then processing corrESpondln g to the
numerator is executed. However, processing corre-

sponding to the numerator may be done first and then

processing corresponding to the denominator be done.
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Although the numerator is constituted as the product of

polynomial of second order in the embodiment, the
polynomials of the numerator may be expanded into a
polynomial of fourth order.

In the embodiment of FIG. 3, an adder of two-input
type is used. However, if an adder of three-input type is
used as shown in FIG. 2, the output of the delay circuit
22 may be connected to the input of the delay circuit 24

and be fed back from the connection of these delay
circuits 22, 24 through the multiplying circuit 25 in
pipeline processing to another input terminal of the
adder 21 at the input side of the delay circuit 22. In this
case, a separate FIR filter need not be constituted in
series to the circuit constituting the IIR filter, but the
delay circuits 22, 24 used to constitute the IIR filter may
be also used as an FIR filter.

According to the invention, since the system function
H(Z) is transformed and the Z—! term is eliminated
from the denominator, pipeline processing of one step
and two steps may be applied to the multiplying circuits
25 and 26 in the feedback loop. If the pipeline process-
ing of one step is executed, the operation stage is di-
vided into two steps and the operation cycle time can be
made 3. Likewise, if the pipeline processing of n steps is
executed, the operation stage 1s divided into (n-+ 1) steps
and the cycle time can be made 1/(n+1). Since the
system function H(Z) 1s transformed, the multiplying
circuits 25 and 26 in the feedback loop have double
word length 1n comparison to the multiplying circuits
14 and 15 in the feedback loop before the transforma-
tion of the system function H(Z). If the word length of
either one of multiplier and multiplicand is not changed,
for example, when multiplication by addition of tree
form is executed, double word length of either one of
multiplier and multiplicand does not cause the process-
ing time to increase to double value. Consequently, an
IIR digital filter to be used for high-speed digital signals
such as video signals can be attained using an operation
element of relatively low speed and small power con-
sumption such as CMOS, so that an IIR digital fiiter
with small power consumption and compact structure
can be realized in high-density assembling.

What is claimed is:

1. A digital filter of the infinite impulse response type
for filtering a digital signal sampled at a predetermined
sampling frequency and having an original system func-
tion including a first order term at least in its denomina-
tor, said digital filter converting said original system
function to a new system function which is equivalent
to said original system function and which corresponds
to the result of multiplying each of said denominator
and a numerator of said original system function by the
same polynomial expression such that said first order
term is eliminated in a denominator of said new system
function; said digital filter comprising:

first delay circuit means having an input and an out-

put for delaying an input signal received at said
input and including said digital signal for one per-
iod of said sampling frequency and producing a
delayed output signal at said output;

feedback circuit means connected between the output

and input of said first delay circuit means and in-
cluding multiplying circuit means for multiplying
said delayed output signal by a coefficient deter-
mined by the denominator of said new system func-
tion and second delay circuit means for delaying
the multiplied signal for said one period to provide
a feedback signal;
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6

adder means for adding said input digital signal and
said feedback signal of said feedback circuit means,
an output signal of said adder means being supplied
to said first delay circuit means as said input signal
thereto; |
filter means of the finite impulse response type corre-
sponding to said polynomial expression; and
means for connecting said filter means to the output
of said first delay circuit means. n
2. A digital filter of the infinite impulse response type
for filtering a digital signal sampled at a predetermined
sampling frequency and having an original system func-
tion including a first order term at least in its denomina-
tor and a second order polynomial expression in said
denominator, said second order polynomial expression
being expressed as follows,

— h{d)

Ha) =1~ biz=1 — bpz—2’
said digital filter converting said original system func-
tion to a new system function which is equivalent to
said original system function and which corresponds to
the result of multiplying each of said denominator and a
numerator of said original system function by the same
polynomial expression which is (1—byz—2)+bjz—},
such that said first order term is eliminated in a denomi-
nator of said new system function; said digital filter
comprising:
first delay circuit means having an input and an out-
put for delaying an input signal received at said
input and including said digital signal for one per-
10d of said sampling frequency and producing a
delayed output signal at said output;
first feedback circuit means connected between the
output and input of said first delay circuit means
and including multiplying circuit means for multi-
plying said delayed output signal by a coefficient
determined by the denominator of said new system
function and second delay circuit means for delay-
ing the multiplied signal for said one period to
provide a feedback signal;
first adder means for adding said input digital signal
- and said feedback signal of said first feedback cir-
cuit means, an output signal of said first adder
means being supplied to said first delay circuit
means as said input signal thereto;
filter means of the finite impulse response type corre-
sponding to said polynomial expression;
means for connecting said filter means to the output
of said first delay circuit means;
second adder means receiving said input digital signal
and third delay circuit means for delaying a re-
cetved signal for said one period connected in se-
ries to supply said input digital signal to said first
adder means; and
second feedback circuit means connected between
the output of said first delay circuit means and an
input of said second adder means, said second feed-
back circuit means including second multiplying
circuit means for multiplying said delayed output
signal by a second coefficient determined by a
denominator of said new system function and
fourth and fifth delay circuit means each of which
delays the multiplied signal for said one period.
3. A digital filter of the infinite impulse response type
for filtering a digital signal sampled at a predetermined
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sampling frequency and having an original system func-
~ tion including a first order term at least in its denomina-

tor and a second order polynomial expression in said
denominator, said second order polynomial expression

being expressed as follows,
__LZI_
H(Z) | — biz—! — hpz—2 '

said digital filter converting said original system func-
tion to a new system function which is equivalent to
said original system function and which corresponds to
the result of multiplying each of said denominator and a

- numerator of said ongmal system function by the same

polynomial expression which is (1—baz—2)+bi1z—1, so
that said first order term is eliminated in a denominator
of said new system functmn said digital filter compris-
ing: |
first delay circuit means having an input and an out-
put for delaying an input signal received at said
“input and including said digital signal for one per-
iod of said sampling frequency and producing a
delayed output signal at said output; |

first feedback circuit means connected between the

‘output and input of said first delay circuit means

and including multiplying circuit means for multi-
plying said delayed output signal by a coefficient
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8
determined by the denominator of said new system
function and second delay circuit means for delay-
- ing the multiplied signal for sald one perlod to
- provide a feedback signal;

“adder means for adding said input dlgltal signal and

said feedback signal of said first feedback circuit
means, an output signal of said adder means being
supplied to said first delay circuit means as said
input signal thereto;

filter means of the finite impulse respense type corre-

sponding to said polynomial expression;
means for connecting said filter means to the output'_
of said first delay circuit means; -
third delay circuit means connected to the 1nput of
said first delay circuit means for delaying said input
digital signal for said one period to provide a sec-

- ond delayed output signal at an output; and
second feedback circuit means connected between

the output of said third delay circuit means and said
adder means, said second feedback circuit means:
“including second multiplying circuit means for

multiplying said second delayed output signal by a -
second coefficient determined by the denominator
of said new system function and fourth and fifth
delay circuit means each of which successively

delays the multiplied signal for said one period.
. | -k ®x x % ¥
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